Individuality and Variety by null null
S J R Q O G N T Z D S Q O M G D N V I Z R V I E P N Z R E R U I N K O P J E W L S P N Z A D
K J I I N R L U J G D I N G R E X O E S W L Z U K O G I N G M D S A U K Z Q I N K J S L O G
O T S J R Q O G N T Z D S Q O I M B U S G R U C Z G Z M F N K R E W S P L O C Y Q D M F E F
N U K J I I N R L U J G D I N D P B D L D M N Y A M E C R J G F N K R E W S P L O C Y Q E F
C O O T E V C E S O P R Z N U M N G U G F B N I M B O M E P S M J B N D S A U K Z Q I N L W
Y M N U R N U R B D B MM G R A R N H I O B T N F A M U A N J M D S A U K Z Q I N K J S Q T
J T C O T C O T U B T O Z A K K I O P M N G U G F B N I M B L Y K F E Q L O P N G S A Y S W
A O Y M P Y M P G L O B A L G O M G D N V G X N D W C Y Q B E K G E C L Z E M S A C I T S G
D J J T R J T R C K O I J G R N G R E E O E O F J Z M H Z D H A X J R C N I F Z K M N D N Y
A T A O E A O E Q O G L T Z D N C A L VU A NU U N A G Q S W I E N V U A J K U V X E S Y M E W
O U D J I D J I I N R I U J G Y J A O B R M R G F I M B C H S D Q F H B V T G U P W Q V L N
D O A T M S K H E F U T U R E Q A Y N P F C E C B S T P E N A O D F E C K T A C T S V Q D E
E I O U G O U G Q Y A Y I N C K U A N F F D G V T Q U J E R Z Y L I N B E I F G R G H N W E
L E D O S O P M C E B U N O P U I O C H E Y L M R T X A A C V B O F E T Z H N A X C F T J K
J P E E T O I Z R W Q E T U O M B C P G F C X V N H O U T C A S N I N R O A X E V E D K D L
P E D A L B O X E N O I J E U H B Z G W R Z V T F L U J S G E B E R Z Y L I N D E R Z N U B
G R L K H E S Y S C B F G M H T I L Q N V X D B P O R U M Z G O H A S E D C K L P S X W E W
NW P O N C A L V I K N D V S G W J P N E D C S K U P O V C X Y M L M O K N I J B H U Z G F
Y X C V B N M I Q W U R T Z B C S D G T R E H K L P F L C R F V E G B Z H N U J M I K O Q A
C G Z N J I M N S T R E C L P Q A C E Z R W D X A Y H A N W A S R E C V F H K N U T E Q T F
X W Z Y K F E D I O P N G S A Y B G D S W L Z U K O G I A L B O X E N O I J E U H B Z G W R
J T Z T E T O I Z R W Q E T U O M B C Y N V X A D G R L K H E S Y S C B F G M H T I L Q N V
V WM E R W U U M P I Z R W O U Z T W H N E D K U N W P O N C A L V I K N D V S G W J P N E
A K D G J K P S D F G H J K L P O I U Z T R E W Q Y X C P O N C A L V I K N D V S G W G T R
L S J R Q O G N T Z D S Q O M G D N V I Z R W Q S C G Z C V B N M I Q W U R T Z B C S E Z R
E K J I I N R L U J G D I N G R E X O E S W L N C X W Z Z N J I M N S T R E C L P Q A D S W
M O T E V C E S O P R Z N U B F I M B U S G R V L G R V Z Y K F E D I O P N G S A Y B O S G
T N U N E D C S K U P O V C X Y M L M O N Y A Z T E W N V K G E C E Z E M S A C I T P O I Z
D C O T R E H K L P F L C R F V E G B Z H W C L V V F H N F X J L R N I F Z K M N D A E Z W
J Y M Z R W D X A Y H A N W A S R E C V T N F X T J O L H N V R D J K U V N V C S E Y J L N
N J T S W L Z U K O G I A L B O X E N O U G K L D F M G L K Q F H B Q F G W Q Y J M O R N G
A A O Y N V X A D G R L K H E S Y S C B X N O I E R N G G O I Z P M F D R B N J O I O D M P
U D J H N E D K U N W P O N C A L V I K O F B A F V N K G M G S A U K Z Q I U A R S H O E F
A A T Z T R E W Q Y X C V B N M I Q W U U N O I E R N G K F N K R E W S P E B D P S D R K A
M O U I Z R W Q S C G Z N J I M N S T R R G R V L G R V G M D S A P O W E R T R A I N O S G
U D O E S W L N C X W Z Y K F E D I O P P F B A F V N K V K G E C L Z E M S Q O M O D V E F
F E I U S G R V L G R V K G E C E Z E M F F D S A MM B K F N K R E W S P E F Z E N Z R G F
C L E M N Y A Z T E W N F X J L R N I F H E L R T E F Z B V C X Y M L M O T R E W S L J Q A
P J P C H W C L V V F H N V R D J K U V G F C R D X E S N W A S R E C V N I J U H B Z K T F
C G E B T N F X T J O L K Q F H B Q F G W R Z I P S F H K T V N Z L M O F G M H T I L G W R
J T Z G U G K L D F M G O I Z P M F D R N V X A D G J L K H E S Y S C B N D V S G W J Q N V
V WM G X N O I E R N G M G S A U K Z Q N E D K U N W P O N C A L V I K R T Z B C S D P N E
A K D E O F B A F V N K F N K R E W S P T R E W Q Y X C V B N M I Q W U E C L P Q A C G T R
L S J U U N O I E R N G M D S A G K Z Q Z R W Q S C G Z N J I M N S T R N G S A Y B G E Z R
E K J I C K O I J G R D C K I O P M N E S W L N C X W Z Y K F E D I O P E C L P Q A C D S W
L S J A Q O G N T Z D S Q O M G D N V I Z R W Q S C G Z N J I M N S T R E C L P Q A C E Z R
E K J I I N R L U J G D I N G R E X O E S W L N C X W Z Y K F E D I O P N G S A Y B G D S W
M O T M V C E S O P M N V C S E Y L J U S G R V L G R V K G E C E Z E M S A C I T P M O S G
T N U G I N R L U J G D I N G R E X O M N Y A Z T E W N F X J L R N I F Z K M N D A B O B N
D C O S V C E S O P M N V C S E Y L J N E W C L V V F H N V R D J K U V X E S Y M N R E I W
M O T M Q O G N T Z D S Q O M G D N V U S G R V L G R V K G E C E Z E M S A C I T P M O S G
A A O R U A N D O N G I U A R N H I O G D N O I E R N G M D S A U K Z Q I N K J S L W O Z W
8
D F T O I E O H O I O O A N G A D F J G I O J E R U I N K O P O A N G A D F J G I O J E R
G D W O I A D U I G I R Z H I O G D N O I E R N G M D S A U K N M H I O G D N O I E R N G
F B S A T B G P D R D D L R A E F B A F V N K F N K R E W S P D L R N E F B A F V N K F N
F B S A T B G P D B D D L R B E Z B A F V R K F N K R E W S P Z L R B E O B A F V N K F N
W O I E P N N B A U A H I O G D N P I E R N G M D S A U K Z Q H I O G D N W I E R N G M D
T V I E P N Z R A U A H I R G D N O I Q R N G M D S A U K Z Q H I O G D N O I Y R N G M D
W L Z U K O G I K C K P M N E S W L N C U W Z Y K F E Q L O P P M N E S W L N C T W Z Y K
G R U C Z G Z M O Q O D N V U S G R V L G R M K G E C L Z E M D N V U S G R V L G R X K G
Y A M E C R J G N I N E E O M N Y A Z T E W N L X J R C N I F E E O M N Y A Z T E W N Y X
W C L O M E P S C V C Y L I N E W C L V V F H N V O A J K U V Y L I N E W C L V V F H N V
N F A M U A N J Y Q Y O B R N L N F X T J O L D Q F H B W N G O B R N L N F X T J O L D Q
E F B N I M B L P O P Q A Y C B E F V B N R T E N A O D F E C Q A Y C B E F V B N R T E N
E D W C Y Q B E B G B A Y X S W A D C B P L M I J N T B G H U A Y X S W A D C B P L M I J
K J Z M H Z D H N B N U I O P L K U H G F D S A C V B O F E T U I O P L K U H G F D S A C
L A G Q S W I E R T R Q H G F D L G E N D E R T C A S N I N R Q H G F D L G E N D E R T C
B F I M B C H S E H E B U P S K U P P L U N G S G E B E R Z Y B U P S K U P P L U N G S G
W C E C B S T P O I O D C V F E W C V T E B N M Z G O H A S E D C V F E W C V T E B N M Z
F D G V T Q U J Z R E L K J H G F D S A MM B V C X Y M L M O L K J H G F D S A MM B V C
A Y L M R T X A G Y W P H C E Q A Y W S X E E C R F V E G B Z P H C E Q A Y W S X E E C R
F C X V N H O U B I J B Z G V T F C R D X E S N W A S R E C V B Z G V T F C R D X E S N W
R Z V T F L U J A D G Y C B MW R Z I P S F H K T V N Z L M O Y C B MW R Z I P S F H K T
V X D B P O R U T E T M B C Y N V X A D G J L K H E S Y S C B M B C Y N V X A D G J L K H
E D C S K U P O W R W Z T W H N E D K U N W P O N C A L V I K Z T W H N E D K U N W P O N
R E H K L P F L K J K O I U Z T R E W Q Y X C V B N M I Q W U O I U Z T R E W Q Y X C V B
R W D X A Y H A S G S V N P I Z R W Q S C G Z N J I M N S T R V N P I Z R W Q S C G Z N J
W L Z U K O G I K C K P M N E S W L N C X W Z Y K F E D I O P P M N E S W L N C X W Z Y K
G R U C Z G Z M Q G O D N V U S G R V L G R V K G E C E Z E M D N V U S G R V L G R V K G
Q A T S L O K Z I N E X O M N Y A Z T E W N F X J L R N I F E X O M N Y A Z T E W N F X
W C L O M E P S C V C Y L J N E W C L V V F H N V R D J K U V Y L J N E W C L V V F H N V
N F A M U A N J Y Q Y O B R E L N F X T J O L S Q F H B Q F G O B R E L N F X T J O L A Q
G K M N S R D O J N J O I D F N G K L D F M G O I Z P M F D R O I D F N G K L D F M G O I
P L I E P N N R A U A H I O G D N O I E R N G M T S A U K Z Q H I O G D N O I E R N G M K
F B S A T B G P D B D D L R B E F B A F V N K F N Q R E W S P D L R B E F B A F V N K F N
A P I E P N N R A U A H I O G D N O I E R N G M D S A L K Z Q H I O G D N O I E R N G M D
G R U C Z G Z M O Q O D N V U S G R V L G R V K G E C L Z E M D N V U S G R V L G R V K G
F B S A T B G P D B D D L R B E F B A F V N K F N K R E W S P D L R B E F B A F V N K F N
F D G V T Q U O T R E L K J H G F D S A MM B V C X Y M L M O L K J H G F D S A MM B V C
A Y L M R T X A Z Y W P H C E Q A Y W S X E E C R F V E G B Z P H C E Q A Y W S X E E C R
F C X V N H O U B I J B Z G V T F C R D X E S N W A S R E C V B Z G V T F C R D X E S N W
R Z V T F L U J R D G Y C B MW R Z I P S F H K T V N Z L M O Y C B MW R Z I P S F H K T
V X D B P O R U T E T M B C Y N V X A D G J L K H E S Y S C B M B C Y N V X A D G J L K H
E D C S K U P O W R W Z T W H N E D K U N W P O N C A L V I K Z T W H N E D K U N W P O N
R E H K L P F L K J K O I U Z T R E W Q Y X C V B N M I Q W U O I U Z T R E W Q Y X C V B
R W D X A Y H A S E S V N P I Z R W Q S C G Z N J I M N S T R V N P I Z R W Q S C G Z N J
W L Z U K O G I K C K P M N E S W L N C X W Z Y K F E D I O P P M N E S W L N C X W Z Y K
R W D X A Y H A S U S V N P I Z R W Q S C G Z N J I M N S T R V N P I Z R W Q S C G Z N J
W L Z U K O G I K C K P M N E S W L N C X W Z Y K F E D I O P P M N E S W L N C X W Z Y K
G R U C Z G Z M O X O D N V U S G R V L G R V K G E C E Z E M D N V U S G R V L G R V K G
N X Z P E W N Q M I N E X O M N Y A Z T E W N F X J L R N I F E X O M N Y A Z T E W N F X
W C L O M E P S C V C Y L J N E W C L V V F H N V R D J K U V Y L J N E W C L V V F H N V
G R U C Z G Z M A X O D N V U S G R V L G R V K G E C E Z E M D N V U S G R V L G R V K G




Paradigms of  
future mobility




Mobility and climate protection
Mobility is not only a basic human need, it 
also correlates closely with economic 
growth. This is not only true for passenger 
traffic (Figure 1) but also for commercial 
transport, particularly on the road. Ex-
perts assume that there is a self-reinforc-
ing effect between traffic and economic 
performance [1].
In contrast with total primary energy 
consumption, it has not been possible to 
disconnect traffic growth from economic 
growth. In spite of considerable savings in 
fuel consumption that have been achieved 
as a result of technical progress over the 
past few decades, the overall emissions of 
carbon dioxide related to traffic have con-
tinued to increase. The political system re-
acts to this by issuing ever stricter limits. 
This is a worldwide phenomenon in which 
limits converge, although with a time lag 
(Figure 2).
In late 2013, the European Union made 
a commitment to the most stringent CO2 
limit values worldwide [2]. According to 
this, a fleet limit value of 95 g/km will apply 
from 2020. This fleet limit value must be 
met initially by 95 % of the fleet and by 
100 % from January 1, 2021. Vehicles 
emitting less than 50 g/km may be count-
ed multiple times for three years (2020-
2022). The total effect from these so-
called “super credits” is limited to 7.5 g/km 
for each fleet.
This basically describes the primary 
task for future technical developments in 
motor vehicles. The challenge is to cover 
rising mobility requirements with fewer en-
ergy resources, and particularly lower CO2 
emissions. However, one consequence of 
the correlation between economic growth 
and mobility is that the greatest increase in 
the number of vehicles will be in the emerg-
ing regions outside of the “old” industrial 
nations of the triad (EU, USA, Japan). The 
question here is whether technical solu-
tions from Europe – the Schaeffler Group‘s 
home region – can be applied without any 
changes.
What do customers want? –  
The Schaeffler mobility study
The question of whether technologies can 
be transferred to another region is often re-
duced to the issue of costs. This is a one-
sided view that bears the risk of losing 
sight of the customer and the customer’s 
needs. For this reason, Schaeffler has de-
cided to use a comprehensive approach 
for working out the development of future 
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Figure 1 Development of Germany’s gross 
domestic product and the number 
of passenger kilometers traveled 
annually for several years in the 
period from 1970 to 2010
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mobility study was based on a three-step 
method:
1. Prepare mobility patterns for 12 selected 
world regions
2. Cluster the patterns in a matrix
3. Work out four in-depth scenarios for 
future mobility.
Step 1: Mobility patterns
The first step involved the preparation of 
twelve detailed mobility patterns for se-
lected world regions during several work-
shops. These patterns not only serve to 
analyze the current situation, they also ex-
trapolate into 2025. Professional input 
was provided by in-house experts and 
from sources outside the company. Ex-
cerpts from four of these analyses are 
presented below as examples:
With an average household income of 
52,900 euros (2011), there is no doubt that 
the borough of Manhattan in New York 
can be called affluent. Its high traffic den-
sity results in permanently congested 
roads, particularly during the day. Inhabit-
ants are very willing to use public trans-
portation because their priority is to mini-
mize travel time. However, the capacity of 
public transportation is also limited. At the 
same time, the city needs to reduce its 
noise and pollutant emissions. Approach-
es to solving these problems not only in-
clude the expansion of public transporta-
tion and increased use of bicycles, but 
also the introduction of small, agile elec-
tric vehicles to maximize traffic area utili-
zation. As part of its “PlaNYC” sustain-
ability initiative, the city plans to set up a 
dense network of charging stations for 
electric vehicles. The plan also includes 
the addition of electric vehicles to the mu-
nicipal vehicle fleets.
The German state of Mecklenburg-Vor-
pommern is quite the opposite. The state’s 
population of 1.6 million is similar to that of 





























USA 2025: 109 g
China 2020: 117 g
EU 2020: 95 g Japan 2020: 105 g
Proposed targets
Enacted targets USA: incl. light duty vehicles
Years
Figure 2 CO2 limits for major passenger car markets
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only is population density much lower, but 
also the average income of 22,884 euros 
per capita (2011). Outside the towns, public 
transportation is scarce due to low demand. 
As a result, the majority of passenger traffic 
consists of – for the most part used – cars. 
Since the population is also getting older, 
a further increase in mobile services is to 
be expected. A mobile medical service is 
already being tested in Mecklenburg- 
Vorpommern.
Things are very different in the sprawl-
ing city of Medellín in Colombia, which 
has a population of 2.7 million. With more 
than 7,000 inhabitants per square kilo-
meter, population density is very high, 
and a large number of the poorest live in 
unofficial shanty towns (Favela) on the 
outskirts of the city. Most people use 
“paratransit” to get downtown. This 
means privately operated vans or large 
taxis without fixed routes or stops. Ex-
panding public transportation and imple-
menting stricter emissions standards for 
vehicles could provide relief for the 
smog-filled downtown area. In addition, a 
very unusual idea has been put into prac-
tice. Medellín has integrated two cable 
car tracks into its regular public transpor-
tation system that serve the shanty towns 
on the hills surrounding the city and can 
transport 3,000 people per hour.
Bangkok has been pursuing yet another 
approach. This metropolitan area, which 
has a population of more than 12 million, 
has achieved a level of wealth that is con-
siderable for a developing country. Annual 
household income is around 9,600 euros 
(2007), more than twice that of Medellín. 
Streets are gridlocked, and Bangkok’s in-
habitants are very willing to use public 
transportation to get to work. However, 
the widely used buses sit in traffic along 
with the passenger cars. Expanding rail 
traffic would be time-consuming and ex-
pensive, which is why Bangkok has been 
depending on a “bus rapid transport” sys-
tem. This is made up of urban bus lines 
that use their own tracks separate from all 
other traffic and metro-like stops. At 
18,000 people per day on the system’s 
first line that covers 16.5 km, transport 
capacity is very high, and costs are twen-
ty times lower than those of an elevated 
train.
These mobility patterns primarily 
prove one thing: There is no single an-
swer to the question of how to manage 
ever-increasing traffic volumes. Instead, 
there is a variety of answers that give 
consideration to issues ranging from lo-
cal conditions to topography. It can also 
be seen that, at least in urban areas, lo-
cal authorities are keen on finding solu-
tions and have identified mobility as a 
factor in the international competition 
over geographic locations. 
Step 2: Clustering
In the second step, we looked for a mas-
ter pattern behind the various patterns. 


































Figure 3 Matrix for the categorization of 
mobility patterns
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to a three-dimensional matrix that includ-
ed the dimensions of level of urbaniza-
tion, purchasing power of users, and 
economic development level of each re-
gion (Figure 3).
It can be seen that all of the analyzed 
brands can be clearly assigned to one of 
the cubes in the 3-dimensional matrix. 
Manhattan meets the criteria for “City – 
Industrial Country – High Purchasing 
Power,” while Mecklenburg-Vorpommern 
can be categorized as “Countryside – In-
dustrial Country – Low Purchasing Pow-
er.” This clustering is important for the 
transferability of solutions from one region 
to another.
Step 3: In-depth scenarios
In the third and final step, we worked out 
four in-depth scenarios that Schaeffler be-
lieves will determine future mobility. These 
are:
Consideration of the entire energy 
chain
Future mobility solutions will no longer 
consist of isolated measures but incor-
porate the CO2 footprint of the entire en-
ergy chain. Here, special consideration 
must be given to the generation of elec-
tricity for electric cars and to the genera-
tion of hydrogen for fuel cell vehicles. In 
addition, storage also plays an important 
role in an energy supply that is primarily 
based on fluctuating renewable energies. 
Regardless of whether it is the methana-
tion of hydrogen or electric cars as part 
of a smart grid – mobility will be increas-
ingly regarded as part of an energy sys-
tem.
New mobility schemes for cities
Intermodal traffic with seamless switch-
ing from one form of transportation to 
another will be a matter of course in the 
cities of the future. For the continued de-
velopment of motor vehicles, this means 
that it must fit seamlessly into the urban 
traffic network. In addition, the majority 
of the population in many fast-growing 
cities outside of the established industrial 
countries will develop a pragmatic atti-
tude towards their own mobility and 




For a growing portion of the world’s popu-
lation, it is becoming important to move 
between urban economic centers in a 
time-saving manner. Resource efficiency 
will increasingly become an essential 
characteristic for all carriers, regardless of 
whether they are airplanes, high-speed 
trains, or cars. At the same time, the auto-
mation of inter-urban traffic continues, 
which also applies to automobiles (auton-
omous, automated, or piloted driving), not 
forgetting the integration into communica-
tion networks.
Environmentally friendly drives
Vehicles’ drives are one of the major fac-
tors that determine the energy efficiency 
and environmental compatibility of mobil-
ity. That is why the development of ener-
gy-efficient drives will continue to take top 
priority. This includes the optimization of 
existing drives as well as the introduction 
of entirely new systems. The goal of re-
ducing CO2 and pollutant emissions - or 
of someday eliminating them entirely - not 
only extends to the use of a vehicle but to 
its entire lifecycle, particularly its produc-
tion.
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Energy efficiency as a 
driving force behind drive 
development
Most experts would agree that so-called 
“conventional” powertrains – consisting of 
an internal combustion engine and a trans-
mission with a high ratio spread – will domi-
nate most of the world’s private transport. 
The market shares that electric drives and 
hybrid drives may be able to gain over the 
next few years vary by region and political 
provisions. Figure 4 shows a forecast by IHS, 
a renowned market research company. 
The market data show that an effective 
strategy for the reduction of CO2 emissions 
from private transportation must prioritize 
increased efficiency in conventional pow-
ertrains based on internal combustion en-
gines. Since diesel engines as efficiency 
drives will only gain large market shares in 
certain regions such as Europe, India, and 
South Korea, the optimization of the gaso-
line engine (which was first produced in 
1877) remains the most important task in 
engine development.
Muda! – minimizing power loss
The starting point for the optimization of 
every process is an evaluation of the loss-
es incurred – that is, an increase in effi-
ciency. In production circles, this ap-
proach is known as the Muda principle, 
going back to an engineer named Taiichi 
Ōno who is considered to be the inventor 
of the Toyota production system. “Muda” 
simply means “avoid waste.”
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Figure 4 Market shares of various drive systems in regions of the world for 2011, 2016 and 2020 in %
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When applied to vehicle drives, power loss-
es that distinguish real engines from a ther-
modynamically optimum process must be 
analyzed consistently and technical coun-
termeasures must be taken. A good exam-
ple here is the reduction of frictional power 
loss in the powertrain which, according to 
[3], can lower the fuel consumption of a 
mid-size vehicle with a gasoline engine by at 
least 3 %.
One example of applied frictional power 
loss reduction is lightweight balancer shafts 
with rolling bearing supports. As part of the 
reduction of displacement and the number 
of cylinders, balancer shafts are increas-
ingly used because they allow the quiet op-
eration of small engines with a high speciﬁc 
performance that customers demand. The 
problem: Balancer shafts “eat up” part of 
the energy saved, both because of the nec-
essary acceleration of their mass and the 
frictional power loss in their bearing sup-
ports. Schaefﬂer has found a solution by 
creating a new balancer shaft with rolling 
bearing supports. The balancer shafts are 
optimized geometrically so that a mass re-
duction of up to one kilogram can be 
achieved for a four-cylinder engine. In addi-
tion, the rolling bearing supports of the 
shaft(s) have helped achieve a friction re-
duction of up to 50 % (Figure 5).  
Efﬁciency, which is already high, can also be 
increased in the transmission that is charac-
terized by numerous rotary, load-transmitting 
parts. Substituting the plain bearing sup-
ports with planetary gears for planet pinions 
with thrust needle roller bearings is one ex-
ample here (Figure 6). In third gear, for in-
stance, maximum frictional power loss is re-
duced from 470 W to just 50 W. For a 
transmission with four planetary gear sets, 
this means a frictional power loss reduced by 
420 W in third gear, and thus a 90 % reduc-
tion. Based on the simulation, consumption 
can be expected to be reduced by around 
0.5 % when substituting the thrust washers 
with thrust needle roller bearings in the NEDC.
It is very obvious that the analysis of 
power losses can not be restricted to the 
engine and transmission unit. It is neces-
sary to look at the entire powertrain, includ-
ing the wheels. This will help identify other 
sources of loss, such as the differential and 
the wheel bearings. Over the past few years, 
significant progress has been achieved 
here, such as by replacing tapered roller 
bearings with tandem angular contact ball 






















Figure 5 Minimization of frictional power loss 
through balancer shafts with rolling 
bearing supports
Figure 6 Axial needle roller bearing supports 
of planet carriers
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Added value through increased 
variability
As important as the reduction of me-
chanical transmission losses in the pow-
ertrain may be, this in itself will not result 
in a thermodynamic optimum. The losses 
that occur in an engine are also influ-
enced significantly by the throttle losses 
that depend on the operating point. This 
is even more true for modern internal 
combustion engines as the valve opening 
times cannot be controlled on the basis 
of the maximum power output alone. In-
stead, the raw emissions that depend on 
the combustion process have become 
an important design criterion. In terms of 
thermodynamics, it would be ideal to 
have an entirely free control of the gas 
exchange that is adjusted to the relevant 
operating point. This ideal situation could 
only be achieved by using electrome-
chanical valves that are completely de-
coupled from the crankshaft. However, 
there are numerous arguments against 
this solution – such as the fact that a 
software error might lead to the immedi-
ate destruction of the engine.
Systems for camshaft phasing adjust-
ment permit an initial approach towards 
this solution. They allow the valve lift curve 
to be “moved,” i.e. the valves can be 
opened or closed earlier or later. The lift 
curve as such remains unchanged. The 
timing velocity is an essential quality crite-
rion that is usually expressed as degrees of 
crank angle per second (°CA/s). The high-
est adjustment speeds, as well as com-
plete freedom for the valve opening times 
when the engine starts, are provided by 
electromechanical phasing units. Schaeffler 
will launch the volume production of this 
type of system for the first time in 2015. 
However, because electromechanical so-
lutions will have an impact on costs, 
Schaeffler continues to develop its hydrau-
lic phasing units. 
Valve lift can be varied – usually between 
two predefined points – by means of various 
technical solutions, such as switchable tap-
pets. This creates the prerequisite for limiting 
throttle losses in low-load ranges.
It is Schaeffler’s electrohydraulic Uni-
Air valve train system, launched around 
four years ago and since produced for ap-
proximately 400,000 engines, that pro-
vides near-complete variability. It permits 
nearly arbitrary formation of the lift curve 
within a predefined maximum valve lift 
(Figure 7).
Phasing (timing) Lift, timing, and duration
Variable valve train
Continuous ContinuousDiscrete (switchable)
Figure 7 Variable lift curves through camshaft phasing units (left), switchable valve actuation (center) 
and the electrohydraulic UniAir valve train system (right)
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The UniAir system’s current applications 
are limited to the intake side, and the two 
intake valves are controlled simultane-
ously via a hydraulic bridge. Even this so-
lution permits fuel consumption to be re-
duced by up to 15 %, compared to a 
naturally aspirated engine as the starting 
point. During the 2014 Schaeffler Sympo-
sium, a variety of new functions will be 
shown that can be achieved with a refined 
UniAir. Examples include a system for 
varying the valve overlap by means of a 
two-stage actuating cam. If such func-
tions are utilized consistently, additional 
CO2 savings potential can be developed 
– incidentally, not only for gasoline en-
gines but also for diesel engines and even 
for ship propulsion. 
More variability for lower CO2 emissions 
is not just an issue for engines but also for 
transmissions and chassis. Here are some 
examples:
 – For transmissions, there is a definite 
trend towards higher ratio spreads and 
thus a higher number of gears. These 
transmissions permit the engine to be 
operated at operating points with low 
specific consumption as often as pos-
sible. This development has conse-
quences for conventional Schaeffler 
products such as clutches since the 
number of gearshifts increases along 
with the number of gears.
 – More variability can thus lead to less 
friction. What is new here is a switch-
able wheel bearing for vehicles with 
high wheel and axle loads. It is a four-
row angular contact ball bearing. 
When the car is driven in a straight 
line, load is applied only to the center 
rows of balls, and no load is applied to 
the external rows. When driven around 
curves, the external rows are engaged 
to support driving behavior in curves 
with the required high rigidity. Initial test 
results have shown an additional fric-
tion reduction of more than 25 %.
Intelligent electrification
The stricter CO2 regulations become 
(and the smaller the market share of die-
sel engines), the sooner automobile 
manufacturers reach a point when the 
electrification of the drive becomes rele-
vant. The degree to which emissions are 
reduced is highly dependent on the level 
of electrification that can essentially be 
described by the output of the electric 
motor and the energy content of the bat-
tery. These parameters determine the 
functions that can be used to avoid the 
consumption of carbon fuel:
 – Turning off the engine when stopping 
(start/stop) or in coasting mode at high-
er speeds
 – Moving the engine load point to point 
to mapping areas with low specific 
consumption (“boosting”)
 – Recuperating braking energy
 – Electric driving in low-load ranges in 
which an internal combustion engine is 
operated with a highly unfavorable effi-
ciency factor
 – Using renewable energy for the drive 
provided that the battery can be 
charged externally
Unfortunately, the necessary engineering 
and expense increase along with in-
creasing electric power. This is particu-
larly true for, but not limited to, the 
battery. It is thus a good idea touse a 
step-by-step procedure for electrification 
to keep mobility affordable (Figure 8). 
Schaeffler development activities for all 
stages of electrification have been con-
centrated in its eMobility Systems Divi-
sion since 2012.
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Affordable and efficient:  
The 48-volt on-board electric system 
as an opportunity
Until recently, the hybridization of a vehicle 
meant adding a high-voltage level to the 
conventional 12-volt on-board electric sys-
tem. In today’s volume-produced hybrid ve-
hicles, voltages of up to 300 or 400 volts are 
generated and in some prototypes up to 
700 volts have been implemented in order 
to make the construction of the electric 
units as compact as possible. 
Driven by active chassis with their typi-
cally brief power peaks, a few automobile 
manufacturers introduce a 48-volt on-
board electric subsystem. This is a great 
opportunity for the drive, as electric trac-
tion motors with an output of up to 15 kW 
can be produced at this voltage level with 
moderate system costs. These reduced 
costs can be attributed in part to much 
lower safety requirements. No separate 
contact protection is required for the com-











Elec. motor power 0.5 … 8 kW 8 … 20 kW 10 … 50 kW 30 … 125 kW 30 … 125 kW
Voltage 12 … 48 V 48 … 280 V 48 … 400 V 200 … 400 V 200 … 400 V
Electrical range 0.1 … 5 km 10 … 50 km > 75 km





12 V       48 V       HV
Figure 8 Stages of electrification
ponents of a 48-volt on-board electric 
system. In combination with a small lithi-
um-ion battery (approx. 125 Wh), short 
distances can be driven at low speed 
using electric power only, such as when 
parking or in stop-and-go traffic. Func-
tions such as boosting or recuperating 
with a much improved energy intake are 
also possible.
Schaeffler has been working on two 
solutions for the technical implementation 
of the 48-volt hybrid drive that will be pre-
sented in detail during the 2014 Sympo-
sium: A 48-volt variation of the hybrid mod-
ule integrated into the drive and an electric 
axle.
Integrating the electric motor into an 
automatic transmission in place of the 
torque converter has proven to be a good 
solution in previous hybrid vehicles since 
no additional design space must be pro-
vided this way. The same can be achieved 
with a 48-volt hybrid module. However, an 
additional challenge lies in the fact that, at 
least in Europe, the transmission’s level of 
191Mobility of the Future
automation is low specifically in vehicle 
categories for which hybridization with a 
relatively inexpensive 48-volt approach 
would be attractive. That is why Schaeffler 
has developed several solutions for com-
bining the hybrid module with a manual 
transmission that will be presented during 
the 2014 Symposium. The use of an im-
pulse clutch appears to be particularly 
attractive (Figure 9). 
Here, the starter is eliminated, and the 
internal combustion engine is brought up 
to speed exclusively by closing the clutch, 
or it is started by the electric motor of the 
hybrid module. It is a transmission that 
can be shifted very quickly and must be 
able to transmit very high alternating 
torques of up to 1,500 Nm. In this case, 
the entire hybrid module, including the 
electric motor, is installed on the crank-
shaft side.
An attractive alternative for automobile 
manufacturers is the use of an electric 
axle on a 48-volt basis because here, the 
conventional part of the powertrain can 
remain completely “untouched” with the 
exception of the engine control system. A 
48-volt axle can be integrated into the 
powertrain using various configurations 
(Figure 10). The drive axle can be assisted 
in both front-wheel and rear-wheel drive 
vehicles. In addition, an electric drive for 
the rear axle can be installed in a front-
wheel drive vehicle, a configuration some-
times described as an “electric four-wheel 
drive.“ The electric drive force can also be 
distributed between the front and rear 




Figure 9 Impulse clutch with an integrated 
electric motor for combination with a 
manual transmission
eAWD All-wheel driveRear-wheel driveFront-wheel drive










Figure 10 Vehicle topographies with electric axle drive
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motors and two power electronics units 
are required.
The 48-volt hybrid with an electric axle 
will be presented in detail during the 2014 
Symposium. 
Sporty and dynamic: High-voltage 
hybrid technology
In future, large vehicles and sports cars 
will increasingly be designed as plug-in 
hybrids to achieve particularly favorable 
standard fuel economy. This trend to-
wards plug-in vehicles has resulted in a 
significant increase in the electric power 
required. Hybrid vehicles will be designed 
to complete the entire test cycle on elec-
tric power. Consequently, one of the pri-
mary development goals for the next gen-
eration of the Schaeffler hybrid module 
has been to increase the power and 
torque density while also reducing the re-
quired design space. At the same time, 
the torques of the internal combustion 
engines used in hybrid vehicles also in-
crease. The second generation of Schaeffler’s 
hybrid module takes this market trend into 
account. The transfer of extremely high 
torques of up to 800 Nm is made possible 
by a patented system for splitting the 
power flow. The torque of the internal 
combustion engine is transferred to the 
transmission by both the closed discon-
nect clutch and simultaneously via a one-
way clutch.
Some essential features of the high-
voltage variation of the electric axle have 
also been developed further over the 
past four years. The third generation, 
currently being tested, has been adjust-
ed to the topology of a plug-in hybrid ve-
hicle with a front-mounted engine and 
front-wheel drive. The drive unit contin-
ues to be designed for coaxial installation 
in the rear axle. Water-cooled, hybrid-
design electric motors (permanent-mag-
net synchronous motors with a high level 
of reluctance) are used. These automo-
bile-specific requirements are in contrast 
to the industrial motors used in the first 
generation.
The transmission still has a planetary 
design but now has two transmission lev-
els. With an increased power density, the 
transmission has a modular design that 
permits the traction and active torque dis-
tribution (torque vectoring) to be offered 
as separate functions.
Urban and flexible: Drives for electric 
vehicles
As described in the first section, large cities 
with a high population density and great af-
fluence will increasingly see electric vehicles 
as part of an intermodal traffic mix. Most of 
those vehicles will initially be model varia-
tions of series in which conventional power-
trains are dominant. Therefore, most elec-
tric vehicles are currently equipped with a 
center drive.
As market penetration increases, a 
larger number of battery-electric vehicles 
will become available that have been de-
veloped specifically for the requirements 
of urban traffic. Schaeffler believes that a 
wheel hub drive is the best solution for 
these vehicles.  Since there is no “engine 
compartment”, this permits the design of 
completely new body types that offer 
very good utilization of the available 
space – an important requirement for 
traffic in urban areas that are congested 
anyway. In addition, drive shafts are no 
longer required, which permits the wheel 
angle to be increased. From the custom-
er’s point of view, this results in much 
better maneuverability. 
For customers, this makes cars more 
fun to drive as well as making them safer, 
since the control quality of the drive is 
above that of center drives due to its di-
211Mobility of the Future
rect transmission – without a transmis-
sion and side shafts. These conventional 
goals of automobile development will de-
cide customer acceptance of small city 
automobiles. Reason alone – such as a 
small traffic area and a good carbon 
footprint – will not make electric vehicles 
marketable.
Based on this motivation, Schaeffler 
has been developing wheel hub drives 
since 2007. In cooperation with the Ford 
research center in Aachen, the current 
development status (Figure 11) has been 
installed in a Ford Fiesta that serves as a 
test vehicle. The total vehicle weight has 
not increased when compared to an identi-
cal type of vehicle with a diesel engine 
(1,290 kg when empty). This includes a 
lithium-ion battery with a nominal capacity 
of 16.2 kWh.
This test vehicle has been used for 
various driving dynamics tests on the test 
site. These tests have shown that, up to 
speeds of 130 km per hour, the prototype 
is at least equivalent to a volume pro-
duced vehicle that was also driven. Ma-
neuvers that utilized the potential of torque 
vectoring even yielded some significant 
performance increases. During a stan-
dardized swerving-stability test with the 
traffic cones spaced 18 meters apart, the 
speed was increased by around 10 km 
per hour.
Schaeffler has already been working 
on the next generation of wheel hub drives 
with Ford and Continental as well as with 
RWTH Aachen and the Regensburg poly-
technic in the MEHREN research project 
(MEHREN stands for multiple-motor elec-
tric vehicle with the highest possible 
space and energy efficiency and uncom-
promising driving safety). The focus of the 
project is on implementing a new software 
architecture specifically designed for wheel 
hub drives. In addition, the MEHREN project 
is intended to show for the first time what 
kind of potential there is for new vehicle 
architectures if wheel hub drives are used 
as a standard drive to begin with. Com-

















Figure 11 Wheel hub drive with integrated electronic system – current development status
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Summary and outlook
Mobility solutions for the future will be 
customized for specific applications more 
than ever before. As a consequence, the 
development of vehicle drives is an es-
sential factor for energy efficiency in every 
mobility chain. Refined, highly efficient in-
ternal combustion engines and transmis-
sions work hand in hand with electric 
drives that are adjusted to the vehicle 
configuration but rely on a modular design 
system for core components.
To be able to identify the right solution 
out of a wide variety of possible solutions, 
Schaeffler not only looks at technical po-
tential but also at fundamental changes 
in markets and customer requirements. 
These requirements are transformed into 
ideas for solutions and finally technical in-
novations by means of a well-structured 
process. This approach is true to the mot-
to of Thomas Edison, whose “Menlo Park” 
laboratory was the first innovation factory: 
“I find out what the world needs. Then I go 
ahead and try to invent it.” 
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